INTRODUCTION {#sec1-1}
============

Despite the fact that use of nanotechnology in orthodontics is thought to be in its early stages, there is a gigantic potential in research related to this field including nanodesigned orthodontic bonding material and conceivable nanovector for quality conveyance for mandibular development incitement.\[[@ref1]\]

Patient compliance in maintaining alluring oral hygiene is consistently confronting during orthodontic therapy; therefore, many practitioners prefer modalities that do not depend on patient cooperation. It is noted that both orthodontic appliances and bonding materials may retain plaque. The existence of archwires thwart cleaning by spawning difficulty in avenue to plaque-retaining areas; this is very much acclaimed while using multiple loops, auxiliary archwires, and diversity of elastics.\[[@ref2]\] As a repercussion of this, demineralization supervened by white spot lesion and new sites liable to caries will form adjacent to the bands and brackets amid orthodontic treatment with fixed appliance.\[[@ref3]\] Forestalling of white spot lesions eventuates by executing a good oral hygiene methods such as use of fluoridated dentifrice for brushing teeth.\[[@ref4]\] Numerous methods have been used to curtail enamel demineralization in patients using fixed orthodontic appliances. These approaches include using bonding agents with antibacterial properties, mouth rinses incorporated with antimicrobial agents, and coatings on brackets/wires or remineralizing agents adjacent to orthodontic appliances, but their response was observed to be limited.\[[@ref5][@ref6]\] Nanotechnology has been applied in dentistry to cater materials with augmented mechanical properties and antibacterial effects.\[[@ref7]\] With the evolution of nanotechnology and the contrasting demeanor disclose by nanoparticles, asserts have been contrived to take leverage of this approach in orthodontic bonding. An embodiment of nanoparticles into other orthodontic material has revealed promising accouterments in terms of antimicrobial and mechanical properties.\[[@ref8]\] Nanoparticles are incorporated into orthodontic adhesives/cements or acrylic resins and can coated onto the surfaces of orthodontic appliances to prevent microbial adhesion or enamel demineralization in orthodontic therapy.\[[@ref9]\] Incorporating nanoparticles within the bonding agent and not into the adhesive body itself has weighed a more convincing accession and in some way profitable from a clinical outlook. Considering that the bonding agent which comes into candid touch with the enamel surface, the destination area for precautionary pursuits. Studies in the literature established that nanofillers can minimize enamel demineralization with no arbitration of physical properties of the composite.\[[@ref10]\] Researchers confirmed that experimental composites composed of silver nanoparticles (nAg) catered an admirable antibacterial properties without negotiating the shear bond strength (SBS).\[[@ref11]\] However, inclusion of nAg may sequel to discoloration of the composite matrix, and there is a bit consideration in regard to their biocompatibility.\[[@ref12]\] Copper- and zinc-based nanoparticles are reported to induce relentless noxious effects in animal studies *in vitro*.\[[@ref13]\] In the recent past, there has been considerable scrutiny over regarding the photocatalytic action of titanium dioxide (TiO~2~) nanoparticles in medical and dental literature.\[[@ref14]\] Studies in the literature have reported that resins embodying TiO~2~ nanoparticles display compelling antimicrobial properties which may be applied for preventing recurrent caries and demineralization of the enamel.\[[@ref15]\] Incorporation of TiO~2~ nanoparticles to dental composites also augmented mechanical properties, such as modulus of elasticity, microhardness, flexural strength, and also provided bond strength values that similar or even higher levels than that of the controls not containing the nanoparticles.\[[@ref16]\] It has been mentioned in literature that various bonding manners need to confirm the prerequisites of the normal SBS ranging from 5.9 to 7.8 MPa.\[[@ref17]\]

Previously, the SBS of a nanohybrid restorative material, Grandio (Voco, Germany), and traditional adhesive material (Transbond XT; 3M Unitek, Monrovia, CA, USA) were analyzed when bonding orthodontic brackets and it was observed that nanofilled composite materials can possibly be utilized to bond orthodontic brackets to teeth if its consistency can be made more flowable to promptly hold adhere to the section base.\[[@ref18]\]

As needs be, development of clinically adequate orthodontic adhesives with extra antimicrobial components could be attempted just if their mechanical properties have additionally been considered.

In a quickly developing universe of nanotechnology, the trust would be to get these innovations into clinical application at some point or another. Taking everything into account, the future in orthodontic treatment ought to advantage significantly through nanotechnology to all the present endeavors succeed to its clinical application at a sensible expense to the orthodontist and patients.

To the best of our knowledge, research in orthodontics on the proposed topic is limited to the fact that various nanoparticles have antibacterial activity. This study is an attempt to investigate and compare the influence of various nanoparticles on SBS.

MATERIALS AND METHODS {#sec1-2}
=====================

This was carried out at SVS Institute of Dental Sciences, India, after obtaining approval from the Ethical Clearance Committee. The material and equipment used in the study are listed in [Table 1](#T1){ref-type="table"}.

###### 

Material and equipment used in the study
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Sample for Test {#sec2-1}
---------------

120 noncarious, nonfluorosed extracted teethPreparation of the teeth: All the extracted teeth were stored in artificial saliva before testing. The teeth were mounted vertically on acrylic (methyl methacrylate self-cure resin) blocks that were color coded for identification, with only the crown portion exposed for the study. The whole sample was divided into four groups (GC of 30, GnAg of 30, GnZnO of 30, and GnTiO~2~ of 30)Adhesive preparation: Vortex and IKA^®^ T25 digital ULTRA-TURRAX^®^ machine was used to blend three different nanoparticles (1.0% nAg), 1.0% nanoparticles of TiO~2~, 1.0% zinc oxide \[ZnO\], weight/weight) into the adhesive at 3400 rpm for 2 min in a dark room (Rotor stator mechanism). After the preparation, the adhesive was observed under scanning electron microscope to check the homogenicity of the mix.

Methodology {#sec2-2}
-----------

One hundred and twenty noncarious, nonfluorosed human premolar teeth extracted for orthodontic purpose were collected from the Department of Oral and Maxillofacial Surgery, SVS Institute of Dental Sciences. Teeth with intact buccal surfaces and without any restoration, attrition, abrasion, erosion, or fracture, which have not been pretreated with any chemical agents, were included in the study.

All sample of teeth were cleaned with pumice and water for 5 s, rinsed for 10 s, air dried to avoid desiccation, and etched with 37% phosphoric acid for 30 s and rinsed with water for 10 s. The tooth surfaces were air dried till white, chalky surface appeared.

Samples in GC (control group of 30) were applied with smear of adhesive and light cured for 15 sSamples in GnAg (nAg group of 30) were applied with smear of adhesive and light cured for 15 sSamples in GnZnO (ZnO nanoparticles group of 30) were applied with smear of adhesive and light cured for 15 sSamples in GnTiO~2~ (TiO~2~ nanoparticles group of 30) were applied with smear of adhesive and light cured for 15 sThen, brackets were bonded on all the samples in all the groups and light cured for 40 sThe average surface area of the bonded bracket was 9.806 mm.

Evaluation of Shear Bond Strength {#sec2-3}
---------------------------------

An "Instron" universal testing machine AGS-10k NG (SHIMADZU) was used to measure the SBS. The crosshead of Instron moved at the uniform speed of 1 mm/min. The acrylic block was positioned in the lower crosshead with the crown portion of teeth facing upward. The debonding force was applied in a direction parallel to the bracket base. A loop made of 0.8 mm stainless steel was attached to the upper crosshead to apply shear force to debond the bracket. The loop portion was attached below the gingival tie wing of the bracket. The data were analyzed by SPSS software (Statistical Package for Social Sciences, version 20.0, Chicago, Illinois, USA), and then the normal distribution of the data was confirmed by Kolmogorov-Smirnov test. One-way ANOVA test and Tukey\'s multiple post hoc procedures were used to compare between groups. In all statistical tests, the significance level was set at 5% (*P* \< 0.05).

RESULTS {#sec1-3}
=======

Scanning electron microscopy examination confirmed homogenous distribution of nanoparticles in the adhesive in all three groups. The mean, standard deviation, and 95% confidence interval for mean of SBS in four groups is represented in [Table 2](#T2){ref-type="table"}. From the results of [Table 3](#T3){ref-type="table"}, it can be seen that a significant difference was observed between four groups (control, Ag, ZnO, and TiO~2~) with SBS (*F* = 16.8453, *P* \< 0.05) at 5% level of significance. It means that the mean SBS was different in different groups. Further, to know the pairwise significant difference between two groups, the Tukey\'s multiple *post hoc* procedures were applied and the results are presented in [Table 3](#T3){ref-type="table"}. From the observation of [Table 4](#T4){ref-type="table"}, it can be derived that:

A significant difference was observed between control and Ag groups (*P* = 0.0013), control and ZnO groups (*P* = 0.0001), control and TiO~2~ (*P* = 0.0001) at 5% level of significance, It means that the SBS was significantly higher in control as compared to Ag, ZnO, and TiO~2~ groupsA nonsignificant difference was observed between Ag and ZnO groups (*P* = 0.1442), Ag and TiO~2~ groups (*P* = 0.0673), and ZnO and TiO~2~ groups (*P* = 0.9867) at 5% level of significance. It means that the mean SBS was similar in Ag, ZnO, and TiO~2~ groups.

###### 

Mean, standard deviation and 95% confidence interval for mean of shear bond strength in four groups
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###### 

Comparison of four groups (control, silver, zinc oxide, and titanium dioxide) with shear bond strength by one-way analysis of variance
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###### 

Pair wise comparison of four groups (control, silver, zinc oxide, and titanium dioxide) with shear bond strength by Tukey\'s multiple *post hoc* procedures
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DISCUSSION {#sec1-4}
==========

Orthodontic adhesives are acknowledged to display remarkable retaining amplitude of cariogenic streptococci in analogous with bracket materials. Incorporation of nAg into composite resins can minimize the clinging of cariogenic streptococci to orthodontic adhesives. Surface roughness performs an important aspect in the adhesion of bacteria.\[[@ref19]\] The present study used nAg with concentration 1.0% in adhesive because nAg was shown to possess potent antibacterial properties. nAg was recently incorporated into dental resins. Their small particle size and large surface area could enable them to release more Ag ions at a low filler level, thereby reducing Ag particle concentration necessary for efficacy. The Ag ions in the resin agglomerated to form nanoparticles that became part of the resin.\[[@ref19]\]

ZnO demonstrates antimicrobial property and has been applied in diversified disciplines, such as in creams and ointments which are indicated in management of foot ulcers, burns, and other traumatic skin injuries. Materials used in dentistry such as endodontic sealers and some of the cements have been availed for this same acumen.\[[@ref20]\]

The concentration of TiO~2~ nanoparticles was selected according to the results of a previous study which revealed that incorporation of 1 weight% TiO~2~ nanoparticles to Transbond XT adhesive will bring significant antimicrobial properties without compromising the SBS. Previous researches showed that incorporation of 1 weight% TiO~2~ nanoparticles into a conventional orthodontic adhesive does not cause any additional adverse effects to the health when compared to those occurring with the use of pure resin. It is also quoted that periodic cautious steps must be undertaken when using nanocomposites and also their conventional counterparts, which include perfect removal of extra composite surrounding the bracket bases, especially in relation to the gingival and proximal contact areas and prevention of skin contact with resinous materials.\[[@ref21]\]

TiO~2~ nanoparticles are commercially available in varying sizes and crystalline formats, are optimal for embodiment into dental materials. They are comparably economical with superlative mechanical properties and enticing color. The anatase aspect of TiO~2~ nanoparticles shows high photocatalytic action, in addition to carnage bacteria, fungi, and viruses.\[[@ref22]\]

Studies have implied that the constitutional element of the antibacterial activity might be from the severance of the bacterial cell membrane function. In addition to this, investiture of intercellular reactive oxygen species, in conjunction with hydrogen peroxide, which is known as a strong oxidizing agent inimical to bacterial cells.\[[@ref23]\]

Spencer *et al*. found that as the concentration of ZnO increases, SBS decreases. Mean bond strengths for the 13% and 23.1% ZnO mixtures were observed to be 5.04 MPa and 4.56 MPa, respectively in their study.\[[@ref20]\] Jatania and Shivalinga also noted increased SBS with decreased concentration of ZnO. Keeping these facts in mind, we decided to use 1.0% ZnO.\[[@ref24]\]

CONCLUSION {#sec1-5}
==========

Incorporation of various nanoparticles into adhesive materials in minimal amounts can affect the SBS which may lead to the failure of bracket or adhesive. A significant difference in SBS was observed among three different nanoparticles. Further studies are needed to investigate effect of nanoparticles on other properties with different concentrations.
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